ACKNOWLEDGMENTS
INTRODUCTION
Many food products are obtained by lactic fermentation using selected probiotic lactic acid bacteria such as Bifidobacterium (Butler et al., 2012) . Alongside these controlled fermentations, there are also spontaneous fermentations which are widely used in Africa for centuries to preserve and improve the shelf-life of foods and their nutritional value. Moreover, spontaneous fermentation has been shown to reduce the risk of foodborne illness and to reduce and prevent diarrhoea in children (Lei and Jacobsen, 2004; Achi and Ukwuru, 2015) . Lactic acid bacteria (LAB) involved in these spontaneous fermentations can have probiotic properties (Franz et al., 2014) . In West Africa, the spontaneous lactic acid fermentation of cereal-based is widespread to produce many weaning foods such ben-saalga in BurkinaFaso, koko in Ghana, ogi in Nigeria, baca, coco-baca and anango-baca. in Côte d'Ivoire (Lei and Jacobsen, 2004; Falegan et al., 2014; Soro-Yao et al., 2014; Kouakou et al., 2016) . Anango baca is a traditional porridge from fermented maize slurry. It constitutes an example of traditional complementary food given to infants as early as at 2 months of age. Depending on the age of the infant, the consistence of anango baca ranges from very liquid slurry, used as complementary food for infants of 2 years of age and younger, to a semi-solid slurry for older children. This porridge is sometimes comsumed for breakfast or as staple food for young people and adults. The anango baca is similar to ogi but poorly documented in Côte d'Ivoire. The anango baca production starts by steeping maize grains in warm water for one day followed by wet milling and sieving through a screen mesh after the addition of water. The sieved material is allowed to sediment and ferment for 24-72 hours. The liquid top-layer from the decantation is subsequently boiled for 1-2 hours and the sedimented bottomlayer is added until the desired consistency is obtained. The final consumable product is obtained by adding powdered milk with or without sugar. This weaning porridge has a specific yoghurt-like sour flavor that distinguishes it from every other fermented cereal-based food. LAB found in traditional fermented products exhibit sometimes antibacterial activities against spoilage bacteria and foodborne pathogens (Achi and Ukwuru, 2015) . The antibacterial activity of these organisms is based on their ability to produce a variety of antimicrobial substances such as diacetyl, acetone, ethanol, carbon dioxide, organique acids, hydrogen peroxide and bacteriocins (Falegan et al., 2014; Achi and Ukwuru, 2015) . The anango baca slurry is commonly found on the market where some mothers purchase it to feed their infant. Several mothers prefer to produce their own for economic reasons. However, the traditional home-based production methods present some health risk due the lack of adequate hygene and safety conditions. To improve the production method, it would be ideal to use starter cultures made from LAB involved in the spontaneous fermentation of anango baca slurry. Production using such starter cultures conducted under the appropriated hygiene and safety standards could help reducing diarrheal diseases and thus ensure the well-being of children 0 to 5 years old. The objective of this work was therefore to identify and characterize LAB isolated from anango baca slurry, able to inhibit the growth of pathogens and food spoilage microorganisms.
MATERIALS AND METHODS

Collection of samples
Samples of anango baca slurry were obtained from five volunteer mothers randomly selected who produce this fermented maize slurry in the district of Yopougon located in the district of Abidjan, Côte d'Ivoire. Approximately 250 g of samples were taken and transferred into sterile bottles, labelled and subsequently transported to the laboratory in a coolbox. Sampling was done five times from each of these women resulting in a total of 25 anango baca slurry samples.
Chemical analysis
Ten grammes of anango baca slurry were mixed with 90 ml of distilled water prior to pH measurement using a Sension TM+, MM340 pH meter. Two independent measurements were made for each sample.
Microbiology analysis
A total of 10 g of each sample were added into 90 ml of sterile buffer peptone water (BPW, Oxoid, UK) and homogenized in a stomacher (Colworth 400, UK) for 30 s at normal speed. Subsequently, 10 ml of mixture obtained were aseptically added into 90 ml of sterile BPW medium and mixed. Serial dilutions (10 -1 to 10 -7
) were performed and a 0.1 ml aliquot of the appropriate dilution was directly inoculated in duplicate on Man Rogosa Sharpe agar (MRS, AFNOR, NF ISO 15214). Plates were subsequently incubated at 30 °C and 45 °C for 48 h under anaerobic conditions using anaerobic jars for counting the mesophilic and thermophilic LAB. LAB were also counted on Bile Esculin Azide agar (BEA, NF ISO 7899/1) at 37 °C for 48 h. A total of 235 isolates of LAB were randomly selected and characterized based on cell morphology, catalase and oxidase tests. Cultures were stored at -80 °C in MRS broth containing 20% glycerol. Prior to the experiments, cultures were propagated twice in MRS at 37 o C; the transfer inoculum was 1% (v/v) of 16 h culture grown in fresh medium.
Antimicrobial activity
Antimicrobial activity was investigated against indicator bacteria using agar spot tests and the well diffusion assay as described by Kivanç et al. (2011) . The indicator bacteria strains were obtained from culture collections of the Laboratoire National de la Santé Publique and the Microbiology Laboratory of the Centre Suisse de Recherches Scientifiques en Côte d'Ivoire (CSRS). The media and cultivation conditions used for antibacterial activities are presented in Table 1 . Agar spot test experiments were conducted by spotting 10 ml of 16 h LAB cultures onto the surface of a modified MRS agar plate and incubating anaerobically in an anaerobic jar at 37 °C for 24 h to allow colonies to develop. Each indicator strain was cultured in 10 ml of nutrient broth (Difco) at 37 °C overnight for 16 h. Subsequently, 100 µl of overnight culture of each indicator strain were inoculated into 7 ml of soft nutrient agar (0.7% agar) maintained at 45 °C and poured over the modified MRS plates on which the tested strains were grown. The plates were incubated again aerobically at 37 °C. The sizes of the inhibition zones were measured after 24 h of incubation and re-measured after 48 h. The inhibition was scored positive if the width of the clear zone around the colonies of the tested strains was 1 mm or larger. Antibacterial tests were carried out in triplicate and the mean values recorded.
For the agar well diffusion assay, test strains were inoculated in MRS broth. After incubation at 37 °C for 24 h, cultures were centrifuged and cell-free supernatants (CFS) were subjected to three different processes: (I) unneutralized, (II) neutralized by addition of NaOH 5 N to exclude the effects of organic acids (pH 6.5) and (III) treated neutralized supernatants with catalase (catalase from bovine liver, C100-500MG, Sigma-Aldrich, Germany) to a final concentration of 1 mg.ml -1 for 1 h at 25 °C to exclude inhibitory effects of hydrogen peroxide. The different supernatants were filtered through a 0.22 μm Millipore sterile filter (Corning syringe filters, Sigma-Aldrich, Germany). An aliquot of 60 μl of the final supernatant was filled in Brain Heart Infusion (BHI) or nutrient or MRS soft agar (0.9% agar) plate seeded with active growing cells of the pathogenic indicator bacteria (approximately 10 6 CFU.ml -1
). The plates were pre-incubated at 4 °C for 2 h and then incubated at 18 h at 37 °C or 42.5 °C and checked for inhibition zones which were measured in diameter (mm). Triplicate trial assays were performed. After eliminating organic acid function and hydrogen peroxide, the cell free culture supernatants still retaining antimicrobial activity were selected out to determine the possible protein nature of the detected antimicrobial substances. Proteinase K (1 mg.ml -1 final concentration) was added to the neutralized supernatants from cell free cultures (in the storage buffer 0.05 M Tris hydrochloride, pH 7.5, 0.01 M CaCl 2 , 50 ml glycerol, adding of Milli Q water until 100 ml). After incubation at 37 ºC for 1 h, the test tubes were heated at 80 °C for 10 min to inactivate the enzyme and the antimicrobial activities were assayed as described above.
Molecular identification
DNA extraction DNA from 13 LAB isolates was extracted and purified by means of a phenol/chloroform extraction method as described previously by Lopez et al. (2003) .
PCR amplification and sequencing
The 16S ribosomal gene was amplified with universal primers used by Henk et al. (2008) : 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and WLAB2R
(5'-TCGAATTAAACCACATGCTCCA-3'). PCR was performed using a final volume of 50 µl containing 5 µl of 10X Ex-Taq buffer (20 mM Tris-HCl, 100 mM KCl, 20 mM MgCl 2 , Takara Bio Inc.), 5 µl of dNTP (2.5 mM of each dATP, dCTP, dGTP and dTTP), 5 µl of each primer (10 pmol µl (Edgard, 2004) , and unreliable positions were curated using Gblocks (Castresana, 2000) . A maximum likelihood tree was generated by PhyML, using the GTR (General Time Reversible) nucleotide substitution model (Guindon et al., 2010) and allowing 4 rate substitution categories. A Confidence value for the branching order was generated by bootstrapping (based on 100 replications). Escherichia coli was used as an outgroup organism.
Statistical analysis
Data of slurry pH and LAB counts were analysed using one-way analysis of variance (ANOVA) (statistical, 99 th edition).
Duncan's multiple range test was used to compare the means when a significant variation was established by ANOVA at the significance level (α = 0.05). The Principal Component Analysis (PCA) was carried out on the LAB species exhibiting antibacterial activity found into anango baca slurry samples from mothers. The Software XLSTAT (Version Adinosoft Inc.) was used. PCA was used to reduce the initial variables into new components, called factors, to summarize the information. 
RESULTS pH of slurry and LAB counts
The lowest pH of fermented maize slurry samples was observed in the samples obtained from mother 4 among the five volunteer mothers (pH 2.98 ± 0.02) and the highest pH value was observed with samples derived from mother 1 (pH 3.75 ± 0.01; P < 0.05) ( Table 2 ). Counts of mesophilic LAB from MRS agar and thermophilic LAB varied significantly from 6.4 ± 0.6 log UFC.g -1 to 10.9 ± 0.5 log UFC.g -1 and from 5.6 ± 2.3 log UFC.g -1 to 10.6 ± 0.5 log UFC.g -1 ,
respectively. Those of mesophilic LAB from BEA agar varied from 5.5 ± 3.2 log UFC.g -1 to 9.4 ± 0.8 log UFC.g -1 . LAB counts varied significantly (P < 0.05) between mediums and incubation temperature. The identified 47 LAB strains were secondly screened for bacteriocin production by the well-diffusion method against the same indicator bacteria described above. The results showed that unneutralized cell-free supernatants (CFSs) of LAB exhibited antimicrobial activity against at least one of indicator spoilage or food borne pathogens (Table 3) . About 20 LAB CFSs had inhibitory effect against S. typhi ATCC 5066, S. typhi ATCC 50157, E. coli ATCC 28170 and E. coli ATCC 25922 with the diameter of inhibition zone ranged from 7 to 21 mm (Figure 1) . Moreover, 15 LAB CFSs had also inhibitory effect against L. delbrueckii F/ 31. Streptococcus sp, S. aureus ATCC 481 and L. innocua ATCC 33090 were inhibited by 13 LAB CFSs.
Antibacterial activity
After eliminating organic acid function (pH was neutralized), most of LAB CFSs had no antimicrobial activity and only 13 LAB CFSs still exhibited inhibitory activity against one or more of indicators strains (Table 3) . After catalase treatment, only four strains kept their entire inhibitory activity against L. innocua ATCC 33090, E. faecalis CIP 105042, E. faecium ATCC 51558, E. faecalis, Streptococcus sp and Lb. delbrueckii F/31. Gram-negatif indicators resisted to inhibitory effect of neutralized LAB CFSs treated with catalase (Table 3) . However, the activity of the supernatants from these four LAB CFSs was destroyed after treatment with proteinase K confirming that these inhibitory compounds are of proteinaceous nature so the bacteriocins compounds.
LAB identified
The 13 LAB whose CFSs had inhibitory activity against indicators were characterized by PCR. PCR products expected were about 900 base pairs (Figure 2 ). Amplicons were identified by 16S sequencing as L. fermentum, L. plantarum, E. faecium and Staphylococcus pasteuri. L. fermentum (46%) represented the largest percentage, followed by L. plantarum (23%) and E. faecium (23%) (Figure 2) . The four bacteria which produced bacteriocins have been identify as E. faecium (three) and S. pasteuri (one). Figure 3 showed the distribution of the 13 LAB species isolated in the anango baca slurry samples from the five mothers. The F1 and F2 axes retained after the ACP allowed to explain 99.38% of the data, with 66% for the first component (F1). The F1 axis contrasted L. fermentum with a positive correlation to E. faecium and S. pasteuri. Samples of mother 1 and mother 2 were also positively correlated to F1. The F2 axis opposed L. plantarum to samples of mother 3. Thereby, samples of mother 1 and mother 2 were characterized by a strong presence of L. fermentum in contrast to E faecium and S. pasteuri which were present in small proportions. Samples of mother 3 did not contain L. plantarum. The distribution of species was variable and depended on the Mothers. LAB species exhibiting antibacterial activity were not found into anango baca slurry samples from mothers 4 and 5.
The phylogenetic relationships of the different strains was determined from their 16S rRNA gene sequences, relative to other selected 16S rRNA gene sequences obtained from the National Center for Biotechnology Information database (Figure 4) . Escherichia coli was used as an outgroup organism. Four clusters were observed corresponding to the four species involved in anango baca slurry. The strains were phylogenetically close regardless of the sampling site. Thermophilic LAB isolated on MRS agar log (CFU.g (1) +++ (1) 
E. faecalis CIP 105042 +(4) ++(1) +++(4) 9 +(1) ++ (1) +++ (4) 
DISCUSSION
The low pH of anango baca slurry samples is likely due to the utilization of free sugars by LAB and is also seen during the production of ogi, a similar product to anango baca produced in Nigeria, where the pH of fermenting maize grains dropps to 3.8 at end of the 72 h fermentation period (Oyedeji et al., 2013) . Similarly, for akamu, a Nigerian fermented maize food, the pH ranges from 3.22 to 3.95 (Obinna-Echem et al., 2013) . In anango baca, LAB are responsible for primarily producing lactic acid, which is a common characteristic of the fermentation of cereal foods (Adebayo and Aderiye, 2007; Omemu, 2011; Wakil and Osamwonyi, 2012) . The produced acids play a major role in the reduction of the pH in the medium, thereby making it acidic. The acidic medium is therefore responsible for the inhibitory effects against pathogens and spoilage bacteria as well as for the improved microbiological stability and safety of the food product (Wakil and Osamwonyi, 2012) .
Many authors have used agar spot method to demonstrate antimicrobial activity of LAB against one or more of indicator spoilage or food borne pathogens (Lei and Jacobsen, 2004; Kivanç et al., 2011; Okpara et al., 2014) . The fact that the 47 isolates also exhibited some inhibitory activity against indicator strains when the pH of the medium was not neutralized, might be due to the presence and activity of various antimicrobial compounds such as organic acids by decreased pH levels (Wakil and Osamwonyi, 2012; Gaamouche et al., 2014) . Inhibition of the growth of indicator strains by organic acids production is a common phenomenon observed during lactic acid fermentation. This is a desirable effect because the growth of these bacteria could produce an unpleasant flavour for fermented foods (Adebayo and Aderiye, 2007) . After eliminating organic acid function (pH was neutralized), the antibacterial activity of LAB CFSs was probably due to the production of hydrogen peroxide. After catalase treatment, the inhibitory effect was due to the production of bacteriocins and/or bacteriocin-like substances. Indeed, LAB have been reported to release other antimicrobial agents, besides organic acid such as hydrogen peroxide, diacetyl and bacteriocin into the medium during food fermentation. These antimicrobial agents have been used to control the growth of pathogens and spoilage microorganisms in food products as well as to help extend their shelf life (Adebayo and Aderiye, 2007; Falegan et al., 2014) . Gram-negatif indicators resisted to inhibitory effect of these bacteriocins whereas Gram-positive indicator strains were much more sensitive to tested LAB strains bacteriocins. These results indicate that tested LAB produced bacteriocins which found to be inhibitory towards closely related species including pathogens (Kivanç et al., 2011; Okpara et al., 2014) . This can be explained by the presence of lipopolysaccharides in Gram-negative bacteria membrane that may protect their membrane (Gaamouche et al., 2014) .
The LAB having inhibitory activity against indicators were L. fermentum, L. plantarum, E. faecium and Staphylococcus pasteuri. Falegan et al. (2014) , by phenotypic methods, have also identifed 17 LAB isolated from ogi, a similar product produces in Nigeria as L. acidophilus, L. plantarum, L. fermentum, L. brevis and L. bulgaricus with a predominance of L. acidophilus. This species difference could be explained by the geographical distance, the environment in which these two products were produced and the methods used to identify isolates. These bacteria have antibacterial activity against E. coli pathogen unlike our strains. But our findings are similar to those of Wakil and Osamwonyi (2012) 
